




















&DUERQ DQG &DSWXUH 6WRUDJH LV VWLOO EULQJLQJ LQWHQVLYH ZRUOGZLGH 5	' DFWLYLWLHV DQG VLJQLILFDQW JURZWK RI LQ VL WX &&6
H[SHULPHQWV1HZWHFKQRORJLHVWKDW HQDEOHDQGVXSSRUWWKHVDIHW\GHPRQVW UDWLRQDWHDFKVWHSRIWKH&&6SURFHVVDUHGHYHORSHG
DQGDOUHDG\DSSOLHG &RQVLGHULQJWKDWR OGGHSOHWHG K\GURFDUERQUHVHUYRLUVRUVDOLQHDTXLIHUVUHSUHVHQW KXJHFDSDFLWLHVIRU&2  
VWRUDJHORQJWHUPVDIHW\RIFRQILQHPHQWFDQEHTXHVWLRQHG E\WKHZHOOVWDW HGWREHRQHRIWKH PDLQLQWUXGHUVLQ WKHFRQILQHPHQW
V\VWHP: HOO VUHSUHVHQW DSRWHQWLDO YHFWRUIRU&2 WRIORZXSIURPLWVVWRUDJHIRUPDWLRQWRWKHVXUIDFHRUVK DOORZDTXLIHUV  $VD
PDWWHURIIDFWVDVSHFLILFDWWHQWLRQKDVWREHJLYHQWR ORQJWHUPZHOOLQWHJULW\SHUIRUPDQFH
,Q WKH IUDPHZRUN RI LWV 3HUIRUPDQFH DQG 5LVN 3	570 PHWKRGRORJ\ 2[DQG KDV GHYHORSHG D VLPXODWLRQ SODWIRUP FDOOHG
6,0(2706725 WKDWHQDEOHVWRTXDQWLI\SRVVLEOH&2 OHDNDJHVWKURXJKDZHOODVDILUVW VWHS WRZHOOLQWHJULW\SHUIRUPDQFHDQG
ULVN DVVHVVPHQW  ,W FRPELQHV D SKDVH IORZ PRGHO EDVHG RQ 'DUF\¶V ODZ DQG GHJUDGDWLRQ NLQHWLFV VXFK DV FHPHQW
OHDFKLQJFDUERQDWLRQ DQGFDVLQJFRUURVLRQ WRDFFRXQWIRUGHJUDGDWLRQSKHQRPHQDDVVRFLDWHGZLWKZHOOFRPSRQHQWV GXULQJWKH
LQMHFWLRQLH VKRUWWHUPDQGVWRUDJHSHULRG LHORQJWHUP 7KLVVROXWLRQ FRQVWLWXWHVDQHIILFLHQWWHFKQRORJ\ WRHYDOXDWHWKH&2 
OHDNDJHWRZDUGVWDUJHWVFRQQHFWHGDTXLIHUVDQGRUVXUIDFHWKURXJKZHOOV %HFDXVHLWHQDEOHVWRDVVHVVWKHJOREDOLPSDFWRID
OHDNDJHZ LWKUHVSHFWWRWKHZKROHVWDNHVLQYROYHGLQD&&6SURMHFWW KLVWRRO SURYLGHVRSHUDWLRQDOHOHPHQWVDV GHFLVLRQPDNLQJ
VXSSRUWIRUSURMHFWPDQDJHUVZKRKDYHWRGHDOZLWK WKHSRVVLEOHRFFXUUHQFHRIDIDLOXUHHYHQW LHZHOOLQWHJULW\S HUIRUPDQFH

(OVHYLHU/WG $OOULJKWVUHVHUYHG 
.H\ZRUGVZHOOLQWHJULW\ZHOOGHJU DGDWLRQ3HUIRUPD QFHDQG5LVNVULVNDQDO\VLV6,0(2706725&2 OHDNDJHPRGHOLQJ
,QWURGXFWLRQ
1RZDGD\V SHRSOH FRQFHUQ DERXW WKH JUHHQKRXVH JDV HPLVVLRQV  LVJURZLQJ %RWKDXWKRULWLHV DQG LQGXVWU LDOVDUH
WKLQNLQJ DERXW PHDQV WR UHGXFH WKHLU HPLVVLRQV LQ RUGHU WR UHVSHFW WKH FRQYHQWLRQ VLJQHG LQ .\RWR  7KH &&6
WHFKQRORJ\FRQVWLWXWHV WKHPRVWVXLWDEOH WHFKQRORJ\ WR UHGXFHJUHHQKRXVHJDVHVHPLVVLRQV WR WKHUDWHVH[SHFWHGLQ
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 $XWKRUQDPH (QHUJ\3URFHGLD  ±
WKHFRPLQJ\HDUV(YHQWKRXJK&DUERQDQG&DSWXUH6WRUDJHLVVWLOOEULQJLQJLQWHQVLYHZRUOGZLGH5	'DFWLYLWLHVD
VLJQLILFDQW DFFHOHUDWLRQ RI LQ VLWX &&6 H[SHULPHQWV LV REVHUYHG WR UHDFK DQ LQGXVWULDO OHYHO 3LORWV DOUHDG\ H[LVW
ZRUOGZLGH6W DWRLO+\GUR LV RSHUDWLQJ WKH 6OHLSQHU VLWH 1RUZD\ >@ E\ LQMHFW LQJ&2 LQ 8WVLUD IRUPDWLRQ VDOLQH
DTXLIHU VLQFHDFRQVRUWLXPEHWZHHQ%36WDWRLO+\GURDQG6RQDWUDFKLVLQMHFWLQJ&2RQWKHLQGXVWULDOVLWHRI
,Q 6DODK LQ $OJHULD >@ (QFDQD LV LQMHFWLQJ&2 LQ:H\EXUQ ILHOG >@ 6DVNDWFKHZDQ &DQDGD WR SURGXFH RLO E\
(257KHVHSLORWVDUH WKHPRVWZHOO NQRZQ H[LVWLQJRQHVE XWD ORWRI IHDVLELOLW\VWXGLHVRURQJRLQJSURMHFWVKDYH
UHDFKHGHQRXJKWHFKQLFDOPDWXULW\WRVWDUWDSLORWSKDVH 
+RZHYHUD ODUJH VFDOH GHSOR\PHQW FDQ EH TXHVWLRQHG IRU VRPH RI WKHP $PRQJYDULRXV LVVXHV SXEOLF IHDU ZLWK
UHVSHFWWR&2JHRVHTXHVWUDWLRQVWLOO FRQVWLWXWHVDPDMRUFKDOOHQJH %HFDXVHRI WKHXQFHUWDLQW\DVVRFLDWHGZLWK WKH
SRVVLELOLW\IRU&2WROHDNDORQJWKHZHOOERUHDQGLWVUHODWHGLPSDFWVLWLVRIDSDUDPRXQWLPSRUWDQFHWREHD EOH WR
GHPRQVWUDW H WKDW WKHZHOOERUH FRQVWLWXWHV D VDIH VHDO RYHU WKH ORQJ WHUP $ ULVN EDVHG DSSURDFK ZKLFK LQWHJUDWHV
VLPXODWLRQWRROVIRUOHDNDJHTXDQWLILFDWLRQ LVQHFHVVDU\ IRUORQJ WHUPVDIHW\GHPRQVWUDWLRQ 
7KLV SDSHU SUHVHQWV D TXDQWLWDWLYH ULVNEDVHG PHWKRGRORJ\ WR HYDOXDWH WKH 3HUIRUPDQFH DQG 5LVNV 3	570 
DVVRFLDWHG ZLWK ZHOO LQWHJULW\ > ±@DQGSURSRVHV D GHVFULSWLRQRI WKHPRGHOVXVHGIRU&2 O HDNDJH TXDQWLILFDWLRQ 
LQWHJUDWHGLQDVLPXODWLRQWRRO6LPHR70 6WRU$Q DSSOLFDWLRQ FDVH LV WKHQSURSRVHGWRLGHQWLI\WKHNH\SDUDPHWHUVWR
FRQVLGHUDQGWKHLPSRUWDQFHRIWKHLQLWLDODQGOLPLWFRQGLWLRQV IURPDZHOOLQWHJULW\SHUVSHFWLYH 
&RQWH[WDQGSUREOHPDWLF V
5LVNLVQRW MXVWD FRQFHSWEXW DOVR DPHWULF ZKLFK FDQEHTXDQWLILHG5LVNFDQEHGHILQHGDVWKHFRPELQDWLRQRIWKH
OLNHOLKRRGRIDIDLOXUHHYH QWLH3UREDELOLW\ 3DQG WKHPDJQLWXGHRILWVLPSDFWLH6HYHULW\ 6 

5LVN 3[ 6           

,QWKH3	570PHWKRGRORJ\D ULVN LVHVWLPDWHGDVIROORZV 
• 7KHIDLOXUHHYHQWLVUHSUHVHQWHGE\VSHFLILFZHOOLQWHJULW\FRQGLWLRQVLHFRQGLWLRQVWKDWFRXOGOHDGWRDOHDNDJH
WRZKLFKDSUREDELOLW\RIRFFXUUHQFHLVSURSRVHG
• 7KHPDJQLWXGHRI LPSDFWRIDOHDNDJHLV DVVHVVHG ZLWKUHVS HFWWR DOOWKHVWDNHVLQYROYHGLQDSURMHFWSXEOLF
DFFHSWDQFHILQDQFLDOUHSXWDWLRQNQRZKRZKHDOWKDQGVDIHW\SUHVHUYDWLRQ RI SRWDEOH DTXLIHUV«

7KHPRVWLPSRUWDQWLVWKHDFFXUDWHLGHQWLILFDWLRQRIWKHGLIIHUHQWHYHQWVWKDWFDQDSSHDULQWKHSUHVHQWDQGLQWKH
IXWXUH5LVNDVVHVVPHQW LQFOXGHV WKH IROORZLQJVWHSV
• 5LVNLGHQWLILFDWLRQ LGHQWLILFDWLRQR IDOOSRVVLEOHZHOOLQWHJULW\FRQGLWLRQVZKLFKFRXOGOHDGWRD&2OHDNDJH
• 5LVNHVWLPDWLRQFDOFXO DWLRQRIWKHSUREDELOLW\ RIRFFXUUHQFHRIWKHZHOOL QWHJULW\FRQGLWLRQVDQGHYDOXDWLRQRI
WKHLUUHODW HGLPSDFWVYVDVHWRIVWDNHV 
• 5LVNHYDOXDWLRQDFFHSWDEOHDQGQRQDFFHSWDEOHULVNVDUHGHILQHG 
• 5LVNWUHDWPHQWZHOOLQWHJULW\VROXWLRQV  FKDUDFWHUL]DWLRQLQVSHFWLRQGHVLJQPRQLWRULQJIRUQRQDFFHSWDEOHU LVNV
PLWLJDWLRQVDUHSURSRVHG

7KH 3HUIRUPDQFH DQG 5LVNV 3	570 PHWKRGRORJ\ KDV EHHQ GHYHORSHG  LQ DFFRUGDQFH ZLWK WKLV SURFHVV  ,W
LQFOXGHVPRGHOLQJ DVSHFWV LQ RUGHU WR H[WUDSRODWH H[LVWLQJ  NQRZOHGJHDORQJ WLPH  E\ WDNLQJ LQWR DFFRXQW WKH ZHOO
LQWHJULW\GHJUDGDWLRQV
3HUIRUPDQFHDQG5LVNV3	570PHWKRGRORJ\ ±PDLQVWHSV
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7KHQDG\QDPLFPRGHOLVEXLOWE\FRPELQLQJGHJUDGDWLRQVNLQHWLFVWRWKHVWDWLFPRGHO6XFKNLQHWLFVFRPHIURP

















$VPHQWLRQHGEHIRUHULVNLQYROYHVWKHQRWLRQRI XQFHUWDLQW\ RQZHOO LQWHJULW\ FRQGLWLRQVZKLFK FDQ E H WUDQVODWHG
LQWRSUREDELOLW\
• ,QLWLDOFHPHQWSHUPHDELOLW\ XQFHUWDLQW\FRPHVIURPW KHLQWHUSUHWDWLRQRI&%/9'/ RU77GDWD 
• 'HJUDGDWLRQNLQHWLFVXQFHUWDLQW\FRPHVIURPWKH NQRZOHGJHJDSVEHWZHHQ H[SHULPHQWVDQGLQVLWXFRQGLWLRQV 
• ,QFRPSOHWH GDWD UHO DWHGWRVRPHZHOOFRPSRQHQWVH[ VXUIDFHFDVLQJVDUHUDUHO\ORJJHG ZKLFKOHDGVWRXQNQRZQ
FDVLQJFRQGLWLRQVYV FRUURVLRQDQGFHPHQWVKHDWKVTXDOLW\ 

8QFHUWDLQWLHV DUH LQWHUSUHWHG DV UDQJHV RI YDOXHV )RU D JLYHQ SDUDPHWHU WKH PRUH XQFHUWDLQWLHV WKH OD UJHU WKH
GLVWULEXWLRQRIYDOXHV LV'HDOLQJZLWKERWKVWDWLFDQGG\QDPLFPRGHOVD³VFHQDULR´DSSURDFKFDQEH LQWURGXFHG WR
DFFRXQWIRUVXFKUDQJHV 3UDFWLFDOO\ DVFHQDULRUHSUHVHQWVSRVVLEOHZHOOLQWHJULW\FRQGLWLRQV ZKLFK SDUDPHWHUV WDNH D
JLYHQYDOXHZLWKLQWKHGHILQHGUDQJHV 7KHQDOOSRVVLEOH VFHQDULRVDUHVLPXODWHG LQRUGHU WR TXDQWLI\ D&2OHDNDJH
RYHU DJLYHQ WLPHSHULRG DQG FRUUHVSRQGLQJ &2OHDNDJHSDWKZD\VDORQJ WKHZHOOERUHDUH LGHQWLILHG 
(DFK OHDNDJHDPRXQW LV WKHQ WUDQVODWHG LQWRDVHYHUL W\OHYHOE\DVVHVVLQJWKHQHJDWLYHLPSDFWVYVDVHWRIVSHFLILF
VWDNHV GHGLFDWHG WR WKH &2 VWRUDJH SURMHFW  E\ PHDQV RI D FRQVHTXHQFH JULG  %\ FURVVLQJ ERWK VHYHULW\ DQG
SUREDELOLW\RIHDFKVFHQDULR ULVNOHYHOLVJHQHUDWHG2QFHDOOULVNOHYHOVDUHTXDQWLILHGWKH\SRSXODWHDULVNPDWUL[
7KH VHW XS  RI  D 5LVN $FFHSWDQFH /LPLW 5$/ LQ DFFRUGDQFH ZLWK WKH VWDNHKROGHUV EULQJ IRUZDUG WKH QRQ
DFFHSWDEOH ULVN OHYHOV  $VVRFLDWHG ZLWKWKH IXQFWLRQDO DQDO\VLV WKHDQDO\VLV RIWKHQRQDFFHSWDEOHVFHQDULRV DOORZV
LGHQWLI\LQJZKDWDUHWKHFRQWULEXWRUVWRWKHULVNLH WKH ULVNVRXUFHV 5HFRPPHQGDWLRQVDUHILQDOO\SURYLGHGWRWUHDW
WKHVH FRQWULEXWRUV DQGWKXVWRPLWLJDWHWKHULVNV  FRQVLGHUHGDVXQDFFHSWDEOH IRU WKHSURMHFW 'HSHQGLQJRQWKHW\SHRI
FRQWULEXWRUVUHFRPPHQGDWLRQVFDQEH IRUPXODWHG7KHW\SLFDOPLWLJDWLRQVDFWLRQVFDQEHFODVVLILHGLQ PDLQW\SHV 
• &KDUDFWHUL]DWLRQ,QV SHFWLRQ WRFODULI\ VRPHXQFHUWDLQWLHV IRU WKH V\VWHP
• 'HVLJQVROXWLRQVLQRUGHUWRGHFUHDVHWKHRFFXUUHQFHRIDZHOOLQWHJULW\IDLOXUHZKLFKZRXOGJHQHUDWHD OHDNDJH
• 2SHUDWLRQDOVROXWLRQVWRDYRLG XQZDQWHG FRQVHTXHQFHV
• 0RQLWRULQJVROXWLRQVWRGHWHFWDQGDQWLFLSDWHWKHRFFXUUHQFHRIDOHDNDJHDQGWRPDQDJHXQZDQWHGFRQVHTXHQFHV 
&2OHDNDJHTXDQWLILFDWLRQ 
7KH&2 OHDNDJHTXDQWLILFDW LRQ FRQVWLWXWHV RQH RI WKH PDLQ VWHSV ZLWKLQ3	5 70 DQDO\VLV 7KHRXWFRPH LV  D&2
OHDNDJH DPRXQW IURP WKH UHVHUYRLU DORQJ WKH ZHOO DQG SURYLGHV WKH SRVVLEOH OHDNDJH SDWKZD\V DQG WKH WDUJHWV
LPSDFWHG VXUIDFH FRQQHFWHG DTXLIHU RWKHU JHRORJLFDO IRUPDWLRQV WR WKHRSHUDWRU7KH&2 OHDNDJH TXDQWLILFDWRU
LPSOHPHQWHGLQ6,0(270 6725FRPELQHVSRURXVPHGLDIORZPRGHOLQJ DQGGHJUDGDWLRQPRGHOV

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 :HOO]RQLQJ ,QLWLDODQG OLPLWFRQGLWLRQV
6LQFH WKHZHOO  GHJUDGDWLRQV DUH IXQFWLRQ RI WKH ZHOO LQWHUDFWRUV JHRORJ\ DJJUHVVLYH IOXLGV &2« WKH ZHOO
PRGHO LQJ H[WHQGV IURP WKHZHOO D[LV WR WKH QHDU ZHOOERUH ,Q RUGHU WR N HHSWKHPRGHO VLPSOH DQGSUDFWLFDO D'
D[LV\PHWULF GHVFULSWLRQ RI WKHZHOO  LVXVHG(DFK JHRORJLFDO OD\HU KDV FRQVWDQW FKDUDFWHULVWLFV RU SURSHUWLHV  7REH
VROYHGWKHPRGHO LV VHJPHQWHGE\DSURFHVVDFFRXQWLQJ IRUZHOOFRPSRQHQWVJHRORJLFDO IRUPDWLRQ OD\HUVDQGDOVR
FHPHQW VK HDWKVK HWHURJHQHLW\ LQWHUPVRITXDOLW\ 6HJPHQWDWLRQ LV EDVHG RQ FROOHFWHG GDWD LI RQO\ GDWD DW GULOOLQJ 
GDWH DUH DYDLODEOH GDWD DUH SURFHVVHG WR FRQVLGHU LPSDFWR I SURGXFWLRQ SHULRG  RQ FRPSRQHQWV¶ PHFKDQLFDO
SDUDPHWHUV,QDGGLWLRQ LQLWLDODQGERXQGDU\FRQGLWLRQVQHHGWREHVSHFLILHGL QLWLDOZDWHUSUHVVXUHSURILOHDORQJWKH
ZHOOERUHGRZQKROHVWRUDJHSUHVVXUHIORZFRQGLWLRQVEHWZHHQFHPHQWVKHDWKVDQGJHRORJLF DO IRUPDWLRQV«
 3RURXVPHGLDIORZ PRGHO 
7KHPRGHOXVHGLVEDVHGRQDGDUFLDQSKDVHVIORZPRGHO LHZHWWLQJ SKDVH Z DQG QRQZHWWLQJ SKDVH QZ




            

            

8LUHSUHVHQWVWKHYHORFLW\ .LWKHSHUPHDELOLW\.ULMWKHUHODWLYHSHUPHDELOLW\ ȡLWKH GHQVLW\ȝL WKHYLVFRVLW\ɎWKH
SRURVLW\6L WKHSKDVHVDWXUDWLRQ3WKHSUHVVXUHDQG JWKHJUDYLW\ 7KH UHODWLYHSHUPHDELOLW\.ULMYDOXHVDUHDV VHVVHG 
IURPWKH0XDOHPDQG9DQ*HQXFKWHQ PRGHOV LQIXQFWLRQRISKDVHVVDWXUDWLRQV6LFDSLOODU\SUHVVXUH 3F
DQGSDUDPHWHUV01  










00ZU.     

ZLWK            

  ZLWK          

$Q ,QWHJUDO ILQLWH GLIIHUHQFHPHWKRG KDV EHHQ DGRSWHG 7KH V\VWHP IRUPHGE\ WKH HTXDWLRQV   LV VROYHG E\
PHDQVRID1HZWRQ 5DSKVRQPHWKRG
 'HJUDGDWLRQPRGHOV 
:HOO FRPSRQHQWV DJHLQJ PRGHOV HQDEOH WR HVWLPDWH WKH HYROXWLRQ RI FRPSRQHQWV SURSHUWLHV RYHU WLPH GXH WR
ZHOOERUHHQYLURQPHQW7 ZR PDLQO\PRGHOVDUH FRQVLGHUHGWR  GHVFULEH WKH GHJUDGDWLRQPHFKDQLVPV DVVRFLDWHG ZLWK
WKH FDUERQ VWHHO WXEXODUV  DQG WKH FHPHQW EDVHG PDWHULDOV 0RGHO SDUDPHWHUV VXFK DV FRUURVLRQ UDWHV DQG FHPHQW
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&HPHQWOHDFKLQJ
7KLVDUWLFOH LVQRWDLPHGDWGHVFULELQJ LQWHUDFWLRQVEHWZHHQFHPHQW EDVHGPDWHULDOVDQG IRUPDWLRQ IOXLGVRU&2
6XFKSURFHVVHV KDYH DOUHDG\ EHHQ VWXGLHG >   @  &HPHQW EDVHG PDWHULDOV DUH UHDFWLYH SRURXV PHGLD LQ ZKLFK
VROLGSKDVHVDUHLQWKHUPRG\QDPLF HTXLOLEULXPZLWKWKHVXUURXQGLQJSRUHVROXWLRQFKHPLVWU\:KHQLQFRQWDFWZLWK
DFLGLF DTXHRXV VROXWLRQV DFLG DWWDFN RI FHPHQW EDVHG PDWHULDOV WDNHV SODFH 7KH K\GUDWHV OHDFKLQJ SURFHVV LV
HVVHQWLDOO\FDXVHGE\WKHGLIIHUHQFHRIFRPSRVLWLRQDQGFKHPLFDODFWLYLW\EHWZHHQZDWHULQFRQWDFWZLWKFHPHQWDQG
WKH SRUH VROXWLRQ LQVLGH FHPHQW 7KLV GLIIHUHQFH RI FRPSRVLWLRQ FDXVHV LRQV PRWLRQ RXW RI WKH FHPHQW DQG
VXEVHTXHQWGLVVROXWLRQRIFHPHQWPLQHUDOV PDLQO\K\GUDWHV3RUWODQGLWH&6+&HPHQW OHDFKLQJ LQFUHDV HVSRURVLW\
DQG SHUPHDELOLW\ DQG GHFUHDVHV FRPSUHVVLYH VWUHQJWK7KH FRUUHVSRQGLQJ GHJUDGDWLRQ IURQW LV GLIIXVLRQ GHSHQGHQW
SURJUHVVLQJZLWKVTXDUHURRWRIWLPH'HJUDGDWLRQNLQHWLFPDLQO\GHSHQGVRQWKHIOXLGSURSHUWLHVDQGWKHFKHPLFDO
FRPSRVLWLRQRIF HPHQW ,WZDVDVVHVVHGWKDW WKHDOWHUDWLRQIURQWZRXOGSURJUHVVXSZD UGDWDUDWHRIXSWRDIHZWHQWKV
RIPLOOLPHWHUVSHU\HDU 
&DVLQJFRUURVLRQ 
&DVLQJ FRUURVLRQ LV D PDLQ DJHLQJ SURFHVV  WR FRQVLGHU VWXG\LQJ WKH ORQJ WHUP ZHOO LQWHJULW\ SHUIRUPDQFH  7KH
SK\VLFR FKHPLFDOSKHQRPHQDDUH ZHOOGHVFULEHG LQ OLWHUDWXUH>  @)LJXUH VKRZVWKDW FRUURVLRQ LVHQYLVDJHG
RQFH WKH FHPHQW OHDFKLQJ SKHQRPHQRQ LV HQGHG  7KH FRUURVLRQ PRGHOIRU VWDQGDUGFDVLQJV JLYHVD OLQHDU UHODWLRQ
EHWZHHQFDVLQJ WKLFNQHVVDQGWLPH 7KHIDFWRUVGHWHUPLQLQJWKHUDWHRIFRUURVLRQDUHWKHWHPSHUDWXUHDQG&2SDUWLDO
SUHVVXUH&DVLQJFRUURVLRQFDQRFFXUWKURXJKWZRGLIIHUHQWPHFKDQLVPVLJHQHUDOL]HGFRUURVLRQWKDWRFFXUVPRVWO\
DW WKH FDVLQJ VXUIDFH LL SLWWLQJ FRUURVLRQ ZKLFK WDNH V SODFH LQ SUHVHQFH RI FKORULGHV &2 FRUURVLRQ LV PRUH
VLJQLILFDQWLQWKHSUHVHQFHRI&2GLVVROYHGLQZDWHUEXWEHFRPHVLQVLJQLILFDQWLQGU\VXSHUFULWLFDOIORZV 
6\QWKHWLF FDVH DSSOLFDWLRQ 





















)LJXUH6WDWLFUHSUHVHQWDWLRQ6,0(2 70 6725RIWKH DEDQGRQHGZHOOQRWDWVFDOH 

&HPHQW]RQHVDUHGHILQHGE\FHPHQWDWLRQGDWDLQWHUSUHWDWLRQ&%/9'/77«+HUHFHPHQW]RQHVKDYHEHHQ
KLJKOLJKWHGD QGGHVFULEHGE\DSUREDELOLW\ ODZ)RU HDFKFHPHQW ]RQH FHPHQW TXDOLW\ YDULDWLRQV DUHPRGHO HGRQO\

































 ,QLWLDOFRQGLWLRQVDWW  9DOXHV




































V. MEYER et al. / Energy Procedia 1 (2009) 3595–3602 3599
 $XWKRUQDPH (QHUJ\3URFHGLD  ±
SUHVHQWLQJ WKH ODUJHVWXQFHUWDLQWLHV 7KHFHPHQW SHUPHDELOLW\YDOXHVDUH UDQJHG EHWZHHQ P'IRUDYHU\JRRG
FHPHQW WR   P' IRU D EDG FHPHQW ,Q WKLV VWXG\ WKH RWKHU PRGHO SDUDPHWHUV KDYH EHHQ FRQVLGHUHG DV




)LJXUH GHVFULEHV D SRVVLEOH OHDNDJH DPRXQW RXWRIWKH&2 UHVHUYRLUDORQJ WKHZHOO &2HQWHUVWKHZHOOIRU










)LJXUH&XPXODWLYH&2 OHDNDJHDORQJWKHSOXJJHGZHOORYHU\HDUV FRPLQJRXWRIWKHUHVHUYRLU 

7KHFXUYHSUHVHQW HGLQ)LJXUHFDQEHGLYLGHGLQSDUW V7KHILUVWRQHIURPWR\HDUVFRUUHVSRQGVWR&2 
SHQHWUDWLRQLQWR  WKHFHPHQW VKHDWK IURPWKHERWWRPRIWKH¶¶FDVLQJ7KHVHFRQGSDUWRIWKHFXUYH IURPWR
\HDUV FRUUHVSRQGVWRWKH&2IORZXSLQDEHWWHUTXDOLW\FHPHQWVKHDWK ¶¶ FDV LQJ ZKLFK H[SODLQVZK\WKH
&2OHDNDJHDPRXQWLQFUHDVHV OHVV  IDVW WKDQEHWZHHQDQG\HDUV7KHODVWSDUW RIWKHFXUYH FRUUHVSRQGV WR D
VLPXOWDQHRXV&2OHDNDJH WKURXJKWKHLQQHUSDUW RIWKHZHOO DQGYLD FHPHQWVKHDWKV XQWLOWKHDTXLIHU)LJXUH
:DWHUVDWXUDWLRQ&2IURQWSURSDJDWLRQ
&HPHQWZDWHUVDWXUDWLRQHYROXWLRQ LVD UHOHYDQW LQGLFDWRU IRU LGHQWL I\LQJOHDNDJHSDWKZD\VDORQJWKHZHOO)LJXUH
LOOXVWUDWHV IRXUVQDSVKRWVZKLFKLOOXVW UDWHFHPHQWZDWHU VDWXUDWLRQDWIRXUWLPHODSV DQG\HDUV
7ZR PDLQ &2 OHDNDJH SDWKZD\V FDQ EH LGHQWLILHG RQH SDUW RI &2  IORZV XS WKURXJK WKH FHPHQW VKHDWKV
ZKHUHDV WKH UHVW SHQHWUDWHV WKH LQQHU SDUW RI WKHZHOO E\PHDQV RI WKH ´ FDVLQJ EUHDNWKURXJK 7KLV FRPSHWLWLRQ
EHWZHHQ WKH WZRSDWKZD\VKLJKOLJKWVWKHFRPSOH[LW\RIWKHIORZXSRI&2DORQJWKHZHOO7KHEHKDYLRURI WKHZHOO
FRPSRQHQWVWRZDUGV&2DQGWKHRWKHUDJJUHVVLYHIOXLGVFDQFKDQJHGUDVWLFDOO\WKHOHDNDJHSDWKZD\7KHGLIIHUHQFH










)LJXUH: DWHUVDWXUDWLRQ HYROXWLRQ IRUWKHZHOODW\HDUVDW\HDUV\HDUV DQG\HDUV VQDSVKRWVIURP6LPHR 706WRU

,QGHHG)LJXUH VKRZVWKDWWKHJDVIORZXSLVIDVWHUW KURXJKWKHFHPHQWVKHDWKVWKDQWKURXJKWKH LQQHUSDUW RIWKH
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 $XWKRUQDPH (QHUJ\3URFHGLD  ±  
$VDFRQFOXVLRQWKHSDWKZD\WKH&2ZLOOWDNHWRIORZXSWR DWDUJHW  LH VXUIDFH DQGRU FRQQHFWHG DTXLIHUV LV
QRW REYLRXV WR DVVHVV XQ FHUWDLQWLHVRI VSHFLILFSDUDPHWHUV FDQ KDYHD VWURQJ  LQIOXHQFHRQ LW ,Q )LJXUH  FHPHQW
OHDFKLQJGHJUDGDWLRQGXHWR IRUPDWLRQ IOXLGVRIWKH&UHWDFHRXVJHRORJLFDOOD\HUJUHHQKDVEHHQ FRQVLGHUHG IDVWHU 
WKDQLQWKHSUHYLRXVVLPXODWLRQV ,Q WKLVFDVH&2IORZVXSWKURXJKWKH LQQHUSDUW RIWKHZHOODQGQRWDORQJFHPHQW












)LJXUH:DWHUVDWXUDWLRQRIWKHZHOOZLWKGLIIHUHQWGHJUDGDWLRQVFRQGLWLRQVW W W \HDUV VQDSVKRWVIURP6LPHR 70 6WRU 

,QRUGHUWRWDNHLQWRDFFRXQWDOOWKHSRVVLEOHOHDNDJHSDWKZD\VDQGOHDNDJHDPRXQWVDVVRFLDWHG LQDZHOOLQW HJULW\
SHUVSHFWLYH  D UREXVW PHWKRGRORJ\ DV WKH 3	570 LV QHFHVVDU\ 7KH FRPSOH[LW\ RI WKH V\VWHP DQG WKH LQWHUDFWLRQV
ZLWK LWV QHDUHVW HQYLURQPHQW UHTXLUHV DVVHVVLQJ  WKH XQFHUWDLQWLHV DVVRFLDWHG WR ZHOO LQWHJULW\ FRQGLWLRQV DQG WR
PDQDJHWKHP 
5LVNPDSSLQJ 
7KHULVNV GHGLFDW HG WR WKHVFHQDULRVDUHSRSXODWHGLQWKHULVNPDWUL[ DIWHU\HDUV DVSUHVHQWHG LQ)LJXUH
7KHSUREDELOLW\RIDVFHQDULRWRRFFXULVJLYHQRQWKHYHUWLFDOD[LVDQGLWVVHYHULW\ LQIXQFWLRQRID&2 OHDNDJHRYHU












)LJXUH3RSXODWLRQRIWKHVFHQDULRVLQWKHULVNPDWUL[GHGLFDWHGWRZHOOLQWHJULW\DIWHU\HDUV VQDSVKRWIURP6LPHR 706WRU 

2QFH WKH ULVN PDWUL[ SRSXODWHG XQDFFHSWDEO H ZHOO LQWHJULW\ VFHQDULRV FDQEH LGHQWLILHG IURPWKH5LVN$FFHSWDQFH
/LPLW5$/GHILQHGZLWKSURMHFWPDQDJHUVDQGVWDNHKROGHUVLQYROYHGLQWKHSURMHFW 6XFKVFHQDULRVFDQEHWKHRQHV
SORWWHGLQWKHZDUPFRORUVRIWKHPDWUL[IRUH[DPSOHRUDQJHDQGUHG]RQHV 7KHLGHQWLILFDWLRQRIWKHULVNVRXUFHV
IRU WKHVHO HFWHG VFHQDULRV IURP WKH IXQFWLRQDO DQDO\VLV DQG WKH SRVVLEOH &2 SDWKZD\V REWDLQHG IURP QXPHULFDO
VLPXODWLRQVZLOOOHDGWRDGDSWHG UHOHYDQW PLWLJDWLRQVDFWLRQV 
&RQFOXVLRQV
7KH 3	570 PHWKRGRORJ\ FRQVWLWXW HV D UREXVW DQG UHOLDEOH DSSURDFK IRU WKH ZHOO LQWHJULW\ SHUIRUPDQFH
PDQDJHPHQW DW VKRUW PHGLXP DQG ORQJ WHUP 5LVNEDVHG DSSURDFKHV SUHVHQW DQ LPSRUWDQW JURZWK LQ SUDFWLFH
EHFDXVH RI LWV FDSDELOLW\ WR FRPPXQLFDWH HDVLO\ UHFRPPHQGDWLRQV FRQVLGHULQJ RZQHU VWDNHV 7KLVSDSHUDLPVDERXW
0LQRU /R 6HULRXV 0DMRU &ULWLFDO ( WUHPH
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 $XWKRUQDPH (QHUJ\3URFHGLD  ±
WKH LPSRUWDQFH RI SK\VLFDO PRGHOV RQ SUDFWLFDO LQGXVWULDO DSSOLFDWLRQV 0RGHOV RIIHU D JUHDW RSSRUWXQLW\ WR ULVN
PDQDJHUVWRDQWLFLSDWHWKHLUULVN VDQGWRHQJDJHRSHUDWLRQDODFWLRQVWRPDQDJHWKHSHUIRUPDQFHRIWKHLUVWUXFWXUHV
4XDQWLILFDWLRQ RI PHFKDQ LVPV LQFOXGLQJ XQFHUWDLQWLHV DJHLQJ SURFHVVHV DQG WKHLU LPSDFW RQ WKH IXQFWLRQ RI D
WHFKQLFDOV\VWHPDOORZV DVVHVVLQJDFFXUDWHO\WKHEHVWVWU DWHJLHV WR GHVLJQKLJKSHUIRUPDQFHVWUXFWXUHVRU WRPDQDJH 
WKH SHUIRUPDQFH RI H[LVWLQJ  VWUXFWXUHV 7KH SURSRVHG UHFRPPHQGDWLRQV HQDEOH WR SURYLGH MXVWLILHG HOHPHQWV DV D
GHFLVLRQPDNLQJVXSSRUW: KLFKULVN V DUH XQDFFHSWDEOH":KLFK DFWLRQVKDYHWREHSHUIRUPHGWRPLWLJDWHWKHP" 
7KH DSSOLFDWLRQ FDVH SURSRVHG LQ WKLV SDSHU KLJKOLJKWV WKDW W KH&2 OHDNDJH ULVN DVVHVVPHQW DQGWKH SRWHQWLDO 
WDUJHWV LGHQWLILFDWLRQ DTXLIHUV VXUIDFH« KDYH WR EH VWXGLHG DW D JOREDO VFDOH IRU WKH ZHOO DQG QRW FRPSRQHQW E\
FRPSRQHQW 7KH IXQFWLRQDO LQWHUDFWLRQV EHWZHHQ WKH FRPSRQHQWV DUH WRR FRPSOH[ WR EH DVVHVVHG LQWXLWLYHO\ DV
LOOXVWUDWHGE\WKHSRVVLEOH&2OHDNDJHSDWKZD\V 
$V D FRQFOXVLRQ WKH 3	570 DSSURDFK DQG LWV UHODWHG OHDNDJH VLPXODWLRQ SODWIRUP 6,0(2706725 SURYLGHV DQ
LQQRYDWLYHGHFLVLRQPDNLQJVXSSRUWWRROIRUZHOOLQWHJULW\PDQDJHPHQWLQD&2 JHROR JLFDOVWRUDJHSURMHFW$OUHDG\
DSSOLHG RQ QXPHURXV LQGXVWULDO SURMHFWV WKH ULVNEDVHG SURFHVV DOORZHG FOLHQWV WR VHW XS GHFLVLRQV DQG SURYLGH D
VWURQJ VXSSRUW WR ORQJ WHUP VDIHW\ GHPRQVWUDWLRQ ZLWK D KLJK OHYHO RI FRQILGHQFH HYHQ WKRXJK XQFHUWDLQW\ ZDV D 
PDMRULVVXHIRUWKHSURMHFWV 
$FNQRZOHGJPHQW 
2[DQG¶VWHDPLV  DFNQRZOHGJHG IRU 6LPHR 706WRUGHYHORSPHQWWKHSURGXFWLYH GLVFXVVLRQVDQGWKHLPSURYHPHQWV
EURXJKWWR WKLVSDSHU:HDOVR DFNQRZOHGJH 6FKOXPEHUJH U&DUERQ6HUYLFHV IRU WKH GLVFXVVLRQVDERXWZHOO LQWHJULW\
DQG6LPHR70 6WRUFDSDELOLWLHV 
5HIHUHQFHV 
&DLOO\%HW DO³*HRORJLFDOVWRUDJHRI&2 $ VWDWH RIWKH DUWRIWKHLQMHFWLRQSURFHVVHVDQGWHFKQRORJLHV´26*7 ±5HYXHGHO¶,)3YRO
 




)UHQHWWH5 HWDO  © 5LVNEDVHGVDIHW\GHPRQVWUDWLRQRIZHOOLQWHJULW\DQGOHDNHYDOXDWLRQIRU&2 ORQJWHUPVWRUDJHª3URFHHGLQJVRI
WKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ*UHHQKRXVH*DV &RQWURO7HFKQRORJLHV7URQGKHLP1RUZD\
9DQ'HU%HNHQ$ HWDO©:HOO,QWHJULW\$VVHVVPHQWDQG0RGHOOLQJIRU&2 LQMHFWLRQª3URFHHGLQJVRI:(&$OJHU$OJHULD










%DUOHW*RXpGD UG9HWDO³0LWLJDWLRQ6WUDWHJLHVIRUWKH5LVNRI&2 0LJUDWLRQ7KURXJK:HOOERUHV´63( 06 
'XJXLG$³7KHHIIHFWRIFDUERQLFDFLGRQZHOOFHPHQWV´7KHVLVGLVVHUWDWLRQ3ULQFHWRQ86$ 





&XL ='6WXG\RQFRUURVLRQSURSHUWLHVRISLSHOLQHVLQVLPXODWHGSURGXFHGZDWHUVDWXUDWHGZLWKVXSHUFULWLFD O&2 
0XUDWD7 HWDO7KH(YDOXDWLRQRI+6FRQWDLQLQJHQYLURQPHQWVIURPWKHYLHZSRLQWRI2&7*DQGOLQHSLSHIRUVRXUJDVDSSOLFDWLRQVWK
DQQXDO27&LQ+RXVWRQ7H[DV
12562.67$1'$5'0 ³&2 FRUURVLRQUDWHFDOFXODWLRQPRGHO ´5HY 
0F&ULJKW 5' ³&RUURVLRQEHKDYLRURIPDWHULDOVH[SRVHGWRVDOLQHJHRWKHUPDOEULQH´,QWHUQDWLRQDOFRUURVLRQIRUXP1$&(&DQDGD 
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